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INTRODUCTION
Since June 1970, the Naval Underwater Systems Center (NUSC) has sporadically made farfield, extremely low frequency (ELF) horizontal magnetic field strength measurements in Connecticut. [1] [2] [3] [4] Prior to October 1971, the local measurement site was located in the Nehantic State Forest, East Lyme, Connecticut. Presently, it is located in Hammonassett State Park, Madison, Connecticut. There are no power or telephone lines within a 1-km radius of these sites.
Measurements at 42 and 76 Hz were made in Connecticut at various times during 1974. These measurements are for the purpose of further investigating sunrise, daytime, su iet, nighttime, and seasonal ELF propagation variations. During the measurements, NUSC narrowband ELF field intensity receivers were utilized. 5 Effective integration times of 30 minutes per sample were employed. (Each 30-minute effective integration time sample is an average of three 10-minute, two 15-minate, or one 30-minute actual integration time samples.)
The transmission source for these 1.6 Mm measurements was the U.S. Navy ELF Wisconsin Test Facility (WTF). The WTF is located in the Chequamegon National Forest in north-central Wisconsin, approximately 8 km south of Clam Lake. The transmission source consists of two 22.5-km North-South (NS) antennas (one buried and one elevated) and one 22.5-km elevated East-West (EW) antenna. Each antenna is grounded at both ends. The transmission station is located at the midpoint intersection of the two antennas.
The electrical axis* of the WTF EW antenna is 114° E of N at 75 Hz and 118° E of N at 45 Hz; the electrical axis of the WTF NS antennas is 14° E of N at 75 Hz and 11 0 E of N at 45 Hz. 6 » 7 The WTF antenna array pattern can also be steered to any particular receiving location.
This report discusses the results of these latest measurements and compares them with other data taken previously. ♦Electrical axis, or electrical location, is defined as the sum of the antenna axis angle and the pattern skew angle. For instance, at 75 Hz the EW antenna axis direction is 109° E of N and the measured pattern skew is 5° clockwise; therefore, Uie electrical axis of tlds antenna at this frequency is 114° E of N. 
JANUARY MEASUREMENTS
Transmissions at 42 Hz were received in Connecticut from 1700 to 0800 EDT during 21-26 January. Daytime, sunset transitional, and nighttime measurements were taken.
The daily sample-by-sample 42-Hz field strengths and the 80-percent confidence intervals for the pure nighttime mean data are plotted in figures 1 through 4. The 80-percent confidence interval for the pure nighttime mean data is presented to the right of the collected data poiata for each day. The normalized daily and monthly averages are presented in table 1. These averages are normalized with respect to the WTF EW antenna maximum value (azimuth angle = 0°), I = 300 A and f = 45 Hz. Referring to figures 1 through 4, we see that the January nighttime field strengths excluding 22-23 January (figure 2) were much more variable than those measured in December 1973. 2 Note that about an hour after the Connecticut sunset and at the WTF sunset (190ü), the field strengths were approximately equal to the average nighttime values.
On 21-22 January (figure 1), the daytime (1700 to 1800) field strength was approximately 3 dB lower than during the rest of this day's measurement period. The nighttime field strength displayed considerable peak-to-trough variations on the order of 5 dB. Also, the field strengths measured from 2045 to 0000 and 0200 n 0400 were approximately 2.5 dB lower than the monthly average.
During the night of 22-23 January (figure 2), the nighttime field strength was constant. It should be noted that the average nighttime signal-to-integrated-noiso ratio v as approximately 25 dB.
On 23-24 January (figure 3), the nighttime field strength displayed peak-to-trough variations on the order of 6 dB. The pealc-to-trough variations were most noticeable between 0130 anJ 0730.
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As shown in figure 2 , between Ü100 and 2200, 24 January, the nighttime peak-totrough variation fluctuated smoothly. The field strengths recorded from 2100 to 2200 were approximately 4 dB higher than those recorded between 2300 and midnight.
On 25-26 January (figure 4), the field strength steadily declined from the daytime value of -146.3 dBA/m, reaching a minimum average value of -154.1 dBA/m around 0030, an 8-dB reduction. It remained at this level until about 0500, then gradually returned to the normal January nighttime level. Eight decibels is the largest difference between daytime and nighttime propagation conditions measured in Connecticut.
Presented in figure 5 are the sample-by-sample 42-Hz field strengths taken during the night of 9-10 January 1975. Note that the field strength measured from 1900-0000 is approximately 1 dB lower than that measured during the remainder of the night. The average nighttime field strength was about the same as that measured during the a'ghts of 22-25 January (figures 2 through 4).
MARCH MEASUREMENTS
Transmissions at 42 Hz were received in Connecticut from 1700 to 0800 during 13-29 March. As before, daytime, sunset transitional, and nighttime measurements were taken. figure 6 ), the nighttime field strength exhibited a smooth peakto-trough variation from 0000-0400. The field strength measurements from 0000-0400 were approximately 2 dB higher than those from 2230-0000 and 04J^-0600; however, the field strength rapidly increased just before sunset and during the sunrise transition period.
There was little peak-to-trough variation during the nights of 14-15, 15-16, 16-17, 18-19 March (figures 7 through 10). During the sunrise and sunset periods of 16-17 March, there were considerable peak-to-trough variations (figure 9). The variations were on the order of 3 dB. On 19-20 March (figure 11), the field strength steadily declined from the daytime value of -147.7 dBA/m until it reached a minimum average value of -153.7 dBA/m around midnight, a 6-dB reduction. The field strength from 0000 to 0530 was approximately 3.5 dB lower than the March nighttime average. The 19-20 March (figure 11) field strength versus time plot is very similar to the 25-26 January (figure 4) plot.
On 20-21 March (figure 10), a peak-to-trough variations on the order of 3 dB were observed during the sunset transition period, and during the nighttime period from 2200-0100. Only the elevated WTF NS antenna was employed for transmission from 23-29 March because of frequent fuse blowing problema at the transmitter. Consequently, instead of the normal H^ component, only the abnormal Hp component could be received in Connecticut. The abnormal field strengths were about the same level as predicted, with tie exception of a 2-dB reduction on the night of 25-26 March (table 2B and During the August daytime measurement period (figure 14), the ionosphere was quiet. This resulted in essentially constant field strengths. The ionosphere was quite active in the September and part of the July measurement period, resulting in many field strength anomalies in daytime and nighttirr e propagation measurements (figures 15 through 27). As usual, the daytime anomalies were much less sever? and shorter lasting than the nighttime anomalies. The field strength was definitely not constant for 8 of the 15 nights measured.
On 25 July (figure 15), the daytime field strength from 1230 to 1430 was approximately 2.5 dB lower than during the rest of the day. On 26 July (figure 15), the field strength steadily declined, then steadily increased, yielding an average field strength approximately 1.5 dB higher than the previous day. 
On 23 September (figure 23), the nighttime variation was small,with a peak-totrough variation of approximately 2 dB. The peak-to-peak variation on 24 September increased to approximately 4 dB.
The field strength steadily declined on both 25 and 26 September (figure 24), reaching a minimum at 2324 on the 25th and 0030 on the 26th, then steadily increased again. The peak-to-trough variation was approximately 3 dB on 25 September and approximately 5 dB on 26 September.
Nighttime field strength on 27 and 28 September (figure 25) was constant. (Nighttime began at approximately 2100.) The average field strength on 28 September was 3 dB lower than the average on 27 September.
Daytime transmissions of 42 Hz were also monitored on 24 September (figure 26) and 25 September (figure 27), The variations in the nighttime data have already been discussed. Daytime field strength on 24 September was constant. On 25 September, the daytime field strength was approximately 1 dB higher than on 24 September, with peak-to-trough variations of approximately 3 dB, As mentioned before, the ionosphere during the September measurement period was unusually active compared with the ionospheric activity of previous measurement period. There were several solar flares, magnetic storms, and a minor PC A* event.
There now seems to be little doubt that ELF field strength anomalies are caused by ionospheric irregularities.
♦Polar Cap Adsorption
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ÜC1XJBER MEASUREMENTS
Transmissions at ?6 Hz were received in Connecticut from 28 October to 1 November. Measurements took place between 1000 and 0100. Daytime, sunset transitional, and nighttime measurements were taken.
The October measurement period is highlighted by the "Halloween effect." First observed in 1970, between 28 and 31 October, the effect is marked by an average drop in field strength of 2 to 5 dB, relative to the preceding and following nights. ^^ The effect has been observed in both the 40-to 50-and 70-to 80-Hz frequency bands. The 76-Hz field strengths measured during this period are presented in figures 28 through 33. Located to the right of each night's data is the 80-percent confidence interval for the data of an all-night path.
The average daytime field strength ( During 30 October (figure 30), thedaytimefleldetrengthwas the sameas that measured on 28 and 29 October. Beginning at lf<00 (during the sunset transition period), the field strength started a series of fluctuations that contin led until 2300. The fluctuations followed this pattern: 1800 to 1930, rapid decrease of 5 dB; 1930 to ^100, steady increase of 3 dB; 2100 to 2300, steady decrease of 3 dB. The nighttime average field strength of 30 October was approximately 2 dB lower than the average of 28 and 29 October.
The daytime field strengths on 31 October (figure 31) were 1 dB lower than those measured on 28, 29, 30 October. The field strength steadily declined during the sunset transitioaui period, reaching a minimum at 2030. The nighttime field strength then steadily increased approximately 3 dB during the rest of the nighttime measurement period. The nighttime average field strength was approximately 0.5 dB lower than the nighttime average of 28, 29, 30 October and 2.5 dB lower than the nighttime average of 28, 29 October.
On 1 November (figure 32), the daytime field strength returned to its normal level. The nighttime field strength (although essentially constant) was about 1 dB below the level measured during 28, 29 October.
The nighttime field strengths measured during this Halloween period are presented in figure 33 . As mentioned before, the field strengths measured on 30 and 31 October were 2 to 2.5 dB lower than measured on 28 and 29 October, and 1 dB lower than measured on 1 November. This is the fifth year in a row that the "Halloween effect," one or more low field strength nights between 28 and 31 October, has been observed'.
DISCUSSION
The 42-and 76-Hz Connecticut measurements in 1974 have again demonf trated that the short-term sample-to-sample variability of ELF nighttime propagation is much greater than the short-term sample-to-sample variability of ELF daytime propagation.
Presented in table 6 are the ratios of the number of low field strength nights to total nights measured in Connecticut from 1970-74. During the 1974 measurement period, there were 13 nights out of the 37 measured when the average nighttime field strength (measured during at least a 4-hour period) was approximately 3 dB lower than on preceding or following nights. In total, there have been 30 nights of the 140 measured when the average nighttime field strength (measured during at least a 4-hour period) was 2 to 6 dB lower than during the preceding or following nights. If these results are extrapolated to a year, there may be as many as 80 nights each year when the average nighttime field strength would be approximately 3 dB lower than on preceding or following nights. Nighttime field strength reduction, also observed at other mid-latitude measurement locations, 13114 appears to be due primarily to a decrease in the nighttime excitation factor rather than to an increase in the nighttime attenuation rate. This follows from the fact that, at a range of 1.6 Mm (Connecticut), i 0.4 dB/Mm change in attenuation rate is only a 0.6-dB change in field strength. ^pw^r*Twr<n~*9*fr^s*w*v**ifmwwi***^F r TR 4927 It has been hypothesized 15,16,17 fl,^ these lower mid-latitude nighttime field strengths are a result of charged particles dumped from the outer radiation belt following their insertion into the trapping zone during the early stages of magnetic storms. In many cases, there is a definite correlation between ionospheric irregularities and the lower-than-normal measured nighttime field strengths 1 *»! 5 » 16 . In other cases, however, little correlation exists. One of the main conclusions of reference 9 was that the attenuation rate a was directly proportional to the excitation factor E. (At 75 Hz, a is approximately 1.4 E dB/Mm. At 45 Hz, o is approximately 0.9 to 1.0 E dB/Mm.) Since a is directly proportional to E, field strength measurements could be taken at just one site in order to determine average values of both a and E for a particular measurement period. W-'i'HM '■■■»-'i»«i| l vi"'i""i,i MiW,n | ijff l "i»''W! i " "^" •*r*vw*>*ml*'TBi-T*~rwta TR 4927 Once a and E are determined for a particular site, field strengths can be predicted at other distant sites 9 . As an example of the accuracy this prediction method yields, the predicted and measured Norway results (J. R. Davis 
CONCLUSIONS
The horizontal magnetic field sirongths taken in Connecticut during 1974 have '.gain demonstrated that the short-term sample-to-sample variability of ELF nighttime propagation is much greater than the short-term sample-to-sample variability of ELF daytime propagation.
In addition, there have been 13 nights out of the 37 measured when the average nighttime field strength (measured during at least a 4-hour period) was approximately 3 dB lower than on a preceding or a following night. During the entire 1970-74 period, there were 30 nights out of the 140 measured when the average nighttime field strength (measured during at least a 4-hour period) was 2 to 6 dB lower than during the preceding or following nights. In particular, this phenomenon has occurred between 28 and 31 October for the past five years. If these results are extrapolated to an entire year, there may be as many as 80 nights a year when the average nighttime field strengths would be approximately 3 dB lower than on preceding or following nights. Further investigations of this phenomenon are in progress.
Although the evidence is still inconclusive, the low nighttime field strengths appear to be a mid latitude effect. Given that they are a mid-latitude effect, then a mid-latitude ELF transmitting antenna system may not perform as well as one located at a different, more favorable latitude. One way to determine if these low field strength nights are a mid-latitude effect would be to simultaneously measure at a 300-to 400-km nearfield site (e.g., northern Wisconsin or Michigan) and two distant farfield sites (e.g., Connecticut and Norway). Such an experimental program is planned for FY 1976. ,1-T-r.f.F i _,-,--, .,". ,, ." 
